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FUR= STUDIES ON THE ILTA3OLISI. OF PDOTEUJS TuWA.UIS; ITS SýABUL L-PHASE
AND THL PL2bR0&NT.D1UrA-LT; MISiS:1 .,

(Following is the translation of an article by 0. Kandler,
C.Loander and J. Mueller, Botanic Institute, University of
Mufnch, wmich appeared in the German language periodical
Archives for Microbiology, Vol. 9, pages 20,-.• •8 96).
Translation performed by Constance L. Lust.)

In continuing our studies on nistabolism of L-phases and P2LO we
performed experiments concerning substrate utilization and the scnsitivity
of poisons on these organisms. Previous studies (Nandler et al 1956)
showed that the oxidative metabolisms with respect to syntheses had about
the same extent in stable L-phases and in ?PLO. The present tr'als were
done to show whether qualitative differences exist in metabolism in
three forms of life which may be manifested in an altered substrate re-
quirement or in a different sensitivity to metabolic poisons. These
studies were designed as prelimin-y experiments for a thorough., de-
tailed enyme-chemical investigation.

Materials and Methods

The same strains were used as in the earlier experiments .(andler
and Kandler 195). The nutrient broth was the same also. In liquid
cultures the phosphate concentration was quadrupled. Contrary to earlier
experience the stable L-phase of P. vulgaris grew very well in this
nutrient solution* It W be due to a slow adaptation to this nutrient
medium over a series of passages (150 up to now). The continulig cultures
for transfer were always grown on solid medium, while the material for
the measurements of metabolsim were grown in 300 ml liquid meaium. In-
cubations were at 3700. Inoculation wa done by streaking or merely
throwing a piece of agar into the medium. Sometimes liquid to liquid
transfers were mde, but here the danger of contanination is greatly
enhanced.

Harvest of the organisms came soon after the main growth (log phase),
for P. vulgaris after 26 hours; for the L-phase and PPLO after 3-J4 days.
The organisms were centrifuged for 10 minutes at 15,000 x g, washed
with distilled water and then used for measurements. For all three
organisms it was established in preliminary work that a buffer ooncentrat.cn
of W/30 to 1/4 and a pH of 7.8-8.2 was optimal. Th. organism were
stable for lunger periods in these phosphate buffers. This was checked
by giving substrate after 1-8 hours to equal saspensions. Up to& hours
-the respiration after substrate addition was equal, and only after longer
times of starvation did the respiration rate decrease in L-phase and PPLO,
In P. vulgaris the starvation period could be extended 1m=h more.

The effect of poisons on growth was tested by preparing the nutrient
medium with inhibitor and then inoculation with organisms. Uzto each
plate 3 PPLO strains and Ia-phase were inoculated, 8o that identical con-
ditions existed. P. vulgarls was inoculated onto its own plate. Afta*e&

1. ...

I'

- .- ?



S* ... c''nr z-i:b~auts u•i;':, reatd and reat~ive growLh t,•as c:xOro3LZd.

: 'crcoic Crouth ias; visible theo stjreoraicroscopo uas used to
rur Wihat no smxa,1 colonies had foriied.

-fL1 respiratory xaca•:urexnts were done usiing the manometric Alimtod

Uf on 011 93). Total U was deterhinhod in the suspension by the KjUldahl

7i; , [Rlein 1932). 'rhe substrat-s woro adjusted to pH 7.8 with Solim
hy.ode;'i u'-the acids then wore present as sodium se-lt&.

k suits

1. ixcoiriernts on the oxidative degradation of various substratesu

Prcvious.hy, %Kandlcr and Kandlor 1955) we showed that the L-phase and
the b -xctpria are not different in their capacity to form acid from various
carbohydrates. in this report tah qualitative bacteriological method of
carbohydrate substrata utilization which was susce!0Aible to several errors
was replaced by the manometric measurement of oxygen uptace after addit'-%-.i
of a particular substrata.

It is rell known that mutants appear frequently in bacteria and
these mutants may have lost (or have altered) the ability to Utilize
aubstrates. It is entirely possible that during the deep-rooted transi-
tion of the I-transformation such alterations can occur in greater
numbers. Therefore we determined the velocity of oxygen uptake after
addition of the physiological most important carbohydrates, organic acids,
amino acids and alcohols.

From one preparation to the next the absolute value of NQo 2 (oxygen
consumption per hour and pg total N in m 3 ) was different even for the

same substrate. Tlis may be because age and culture conditions are not

always completely identical. In order to have a standard for comparison,
a control sample of peptone was run; this was considered the most ad-
vantageous substrate. The respiration of other substrates was then ex-
pressed in terms of percent of "peptone-respiration". From a single
suspension as many as possible tests for substrates were done kusually
12) so that the relative values for each trial were constant.

All substrates were used in concentration range from 0.01 to 0.1 4.
The values listed in table l are -maximum values; particularly with organic
acids much lower values for respiration maybe obtained, compared to
peptono. Here we do not intend to discuss the details of the factors
that influence' turn over rate of substrates.

As may be seen in table 1, no qualitative difference in reqpect to

ability to oxidize various substrates exists between bacteria-form and

L-phase. A clear quantitative difference exists for the lower, organic
acids, which compared to other substrates are utilized better by I-phase
than by bacteria. However, the absolute yolocity of respiration is
considerably lower in the L-phase. The N 02 of the peptone respiration
varied between 90-150 for L-phase, while for P. vulgaris it was 600-

1200. With optimal substrate and during log phase of growth the values

were still nigher (Kandler et al 1956).
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** '~t *O• . .. 5 40 A•lagi~ r 600

G luei o . . . . . 45 r 40 )
Dextrir . . . . . . llutam i uma re

Stiirka . .

F virtL . . . J2 3 5 Tc u ein . .. 2 5M~too .. . • 40 AlCthion:n 1 2.-, 5
F~ruetwo .. . .. 30 35 TyVrow ... -'s 2

6Aet .i ... 0 . . . 10 10
Galakto" .. 45 3.11
Riboo . 1 Glykokoll.. 7

.Methanol 3

. . ,0Athanol... 5Ailt'i•mS~tro. .. O 7 /utanol.. 2 i "
Mlernmthi~ure . 0 0 Glycerin 30 2

.Mieh~ure... SO 130" .
B•'Iztrau bel laur ' 30 14 Leeratrmung .

A•tf iure . ... 2. 12 ohno Sulbtrat 2- 3-5
ClykoIsaur . . .15 12
Propionsum .. 5
3hnloniiuro... o

Weinmsur. . . 2

Table 1 - Oxygen utilization in • of "peptone respiration", after
adding various substrates pH 7.8, 270C.

Similar experiments with PPLO strains gave a totally different re-
sult (mainly strain "Findlay" was used). iAs reported earlier (1955) only
when a combination of yeast extract, peptone and glucose is added do
PPLO take up oxygen actively. This is not just- because of an additive.
effect of the addition of the individual substrate. dIithout adding
other substrates only glucose, maltose, fructose and gallactose affected
a measurable rate of respiration in the first hour. This decreased
again rapidly. Irnnose, Sorbose..Phamnose, arabinosl and xylose were
without effect. Also organic acids, amino acids and alcohols did not
lead to much stimulation over blanks. Combined with yeast extract the
respiratory effect of carbohydrates, eg. glucose, starch, galact-se,
fructose, cefloboise (in order rf relativa effect) was slighter greater.
The other substrates were still iithout effect.

Vitamins, which arc knoim to be coenzymes for respiration, were
added to measure glucosa utilization. Only ascorbic:acid.:.stimulated
oxygen consumption. However, this was because it was itself oxidized
knot mere glucose). Vitamin B1, B, pantothenic acid, folio acid,
biotin, etc showed no clear conclusions.

The fact that our PLO strains did not oxidize organic acids was
surprising. Practically all bacteria attack these substrates rapidly.

As the earlier trials with L-phaso showed, this ability to oxidize
acids is not lost in the L-transformation. If, as some authors assume

(Dienes and Weinberger 1951, Tula-sne, 1951, 1953) PPLO are only stable
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1.phIas0k who10C bactria 2orvs a'• uniznc.n, t::ur~ one should sea-ch "or
bac 'cria that have "illldar nutritional requirements. it may be that
a slow rcductio, of substrate usauG is independent of the actual •.•s-
formation process. For tliis there are no points of reference as yet.

2. Trials on the effect of various poisons of respiration.

Various poisons rpayed a major role in the clucidatic, of :wztabolic
pathways in the last ton years. By using poisons with kno.in, specific
effects, we can nou; say whether the metabolic pattern of on erzanisxn
proceeds via lko;tu mechanisms, or if other paths nust be called forth.

We tested whether 19. vjlgaris, L-phase -and PPLO were inhibited to
the sano degree by poisons, or if one of these or anisr•s snow7s other
charactcristics, In figura I an abbreviated schema for carbohydrate
degradation is presented and the probable locus of action of some poisons
ksee James 1953). 140noiodoacetic acid and fluoride act on the 4bden-
Meyerhof pathway; arsonite blocks. .lipoic acid and thru the transfer of
pyruvic acid into the citric acid cycle; KCU and aside inactivate iron
in cytochrome a-oxidase. Azide also uncouples phosphorylation as does
2,4 DNP. Arsenat( is used as a universal phosphorylation poison.

The effectiveness of the poisons was determined in two experiments.
First nutrient medium contained various poisons and growth was watched.
These results are presented in table 2. Second, manometric trials were
done where liquid cultures of organisms were first grown on optimal sub-
strate, and then various poisons were added in solution. The 02 used-
after an hour kafter the poison had acted tully) is presented as percent
of the unpoisoned culture ktable 3). .The action of the poisons came at
different times.)

- KCW

Figure 1 - Schema for carbohydrate degradation with places where
poisons act indicated
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Gift 1r'LO L-PPLO P e tAt J....re

M/l100 I .+÷ +
mex12100 ++
rn/lj.0 ++ - +-

00 + + + +Axid I_
Aidenn1m/0 ÷

I /10 ÷ ++
ra1/1000 + + + + +

I n"O00 + + -

ma/lO00 + +-+
mn/2000 ++ +÷ +4

Amert 1 111/10I +

aril/w
00  

' 4+ +.
I "O +/00 +4 +44

Monojuodaiguilur 22/200 ---- +
rM/10O00 -+ + ++
.mn200 1 - I -- +_
0l1/50O00- + +m/90OO0 -- + +

M/10000 + + ++nll-O0 W0 ++ ++ ++

Fluorid m/IO + + +
/-50 ++. + +

M/O0- + + +
M/200 + + + + +
ml/SO +4 ++ -++

Table 2 - Growth on solid medium in presence of various poisons
- none, +- weak, + good medium, ++ very good, +0 growth
without colony formation

The comparison of both table 2 and 3 shows good agreement. The
measurement: of growth is of course much more accurate than respiration.
It is sensitive at lower concentration. Only quantitative differences
exist between bacteria and L-phase; in the sense that L-phase is always
more sensitive in the growth test. A clear difference in the inhibition
was seen with iodocetic acid. It was markedly more effective against
L-phase than against bacteria. Arsenate and azide both have a dimin-
ished effect on L-phase. If one considers that these values may vary
in different batches by - 10,. than it is basically demonstrative of good
agreement. In any case it does not support that a different mechanism
of respiration is present in L-phase than in the bacterial form.

On the other hand, the PPIO show a completely different behavior
(8 strains of PPLO wore studied). In both test they are very sensitive
to iodocetic acid and fluoride. All other poisons do not inhibit even
in rather high concentrations. KCN even stimulates respiration con-
siderably. These effects are reproducible and have been repeated in
other organisms. However, an explanation is not at hand at this time.
It may be that heavy metals, wvnhich inhibit metabolism are complicated by
KCN, but this explanaticn probably is not valid at high concentrations.
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ti/;0. 1W ;0 65

-U4- trophe1no1 in/SO 1O0 1-0 48

Aud ro11! 100 30
100 173

Ar~nna?. i,10 100 1
ha/I'o 1(1 W4 7C

AMacnit I/80 5 G 5
i]ZA " 75 33 2".3
10/,j00 100 60 --

:Mao~oui ~ W /500 -- "5 6
mt/lO00 32 75

I/5O0o 11 48 90
in/lO 000 22 70 -

A1uoed 10/l0 30 00 80
I 30 50 100 100 *

'lable 3 - Oxygen utilization in ,• of uninhibited ,-ontrols

Of particula•r interost was the relative resistance to arsenate. These
studies were done on medium that had no phosphate added, because this
would overcome the arsenate effect. The media were not completely phoe-
phate-free, since poptone contains large agounts. This latter amounts
of phosphate do not suffice to prevent the arsenate inhibition in other
organisms, eg. Proteus vulgaris.

The bohaxior of P?LO in respect to the metabolic poisons leads one
to concludd that they are not dependent on the cytochrome system nor
on the citric acid cycle in their aerobic metabolism. Only the arsenite
sonsitivity --peaks for an effect in oxidation of organic acids. It
appears that the usual phosphorylation mechanism is either missing or
very much reduced, because othenrise the resistance to arsenate, D14P and
azide is not understandable. The 4mbden-1.byorhof pathway appears to play
a major role, since both iodocctate and fluoride are highly effective
in their inhibition.

Discussion

'Ie studies about substrate utilization and poison sensitivity imply
that in the L-phase tra.,smition no qualitative change occurs in metabolism.
The L-phases in all probability use the same enzymes as do the original
bacteria. A slow change in continuous passages of L-phase has not been
detected yet after 150 passages.

The PPLO-strains, however, in all certainty use another degradative
pathway, especially on other terminal oxidase syatenz. They are characterized
and differentiated from bacteria due to their ability of oxidatively use
organic acids and amino acids, and their resis-ance against a series of
metabolic poisons. We sbudied .. coli, Pseudomonas types, Flavobacteria
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::.Lc. -clno;no~ ~cr• i-•c•'oc ccu a rc-cin , lut--a, 13. :;L.otili s and :u c n

tcxi.uz, Pact. linons, and Caulobactcr vibrioidoo a...ns ipoi.ons, and
...on.- tehaaved simklar to 1-PLO. Sarcina .a" ; especially rcsistant" to arsnaCe,
WL.Cil •laz similar to VPLO. B a•t Sa'cLia wlas sensitive to azido and arscnita;
S .... 'uao not.

The identity o£ metabolism of L-phases and bacteria, a-nd the special
phaoc of ??LO aprcars to be an importarit point in rhferencto thL re-
lationship bctWecn L-phascs and ??LO. •Jo believe from thuse data, and
pr:vev-ous data '.Kandler aci Kanclcr 195, 195o) that ?•PLO rcprescnt a
distinct class uf organisms, and they -ae not stable L-ohases. A.t least
not very recnently derived L-ohases. it is rjossible that zIi3 were ::-

lated phylogenetically to bacteria long ago, but then there is still no
need to designate them L-phases. They represent an iLndividual systematic
unit as did other phylogenetiL groups of organisms.

Studies of metabolism of L-phase have yielded little infoimation
about their origin. PPLO, however, should be studied in enzymoloj--..
detail with respect to their metabolism.

S-Lulary

Dy using manometric respiration measurements it was determined

that the stable L-phase of P. vulgaris utilized the same substrates as

does the bacteria from which it was isolated. The sensitivity to various
poisons is also the same (writh some minor deviations).

'ight strains of PPLO oxidized only a few c bohydrated and then
minimally; no organic acids, amino acids and alols. They are resis-
tant to high doseq of KON., DNP, azide, arsenite and arsenate. lIplica-
tions are that tney possess other enzyme systems for substrate degradation

than do most other organisms. Because of high sensitivity to iodoacetat-
and fluoride it may be assumed that degradation is via the Mnbdon-keyerhof
pathway to pyruvic acid.
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